From two studies that were conducted on treatment-naive children with ADHD, one found higher plasma BDNF levels and the other found comparable BDNF levels in the control group than in the ADHD group (7, 17) . Serum BDNF levels have been found to be lower in adult patients with ADHD than in the control group. Low BDNF levels in patients with ADHD have been suggested to cause neurodevelopmental insufficiency and thereby result in the persistence of this disorder during adulthood (21) .
The current study aimed to investigate whether serum BDNF levels differed between children and adolescents with ADHD and healthy controls and whether there is a relationship between BDNF levels and Stroop test scores.
METHODS

Study Sample
The study was conducted in the Department of Child Psychiatry at Dicle University Training and Research Hospital. Study data were collected between November 2012 and June 2013. The study included 49 children between 6 and 15 years of age [7 girls (14%) and 42 boys (86%)], who were diagnosed with ADHD according to DSM-IV, and who did not receive previous therapy. Patients with clinically diagnosed mental retardation, history of seizures, loss of consciousness, head trauma, and encephalitis and those with Tourette' s syndrome, pervasive developmental disorders, bipolar mood disorders, psychotic disorders, and any chronic systemic disease that could affect biochemical parameters were excluded. Patients with oppositional defiant disorder and conduct disorder were included in the study. The control group comprised children with similar age and gender distribution, who were residing at addresses similar to children in the ADHD group but who were not siblings, and who did not have a history of medical problems and psychiatric disorders. Approval was obtained from the Non-interventional Clinical Research Ethics Committee at Dicle University Faculty of Medicine. The parents of the participants provided written volunteer informed consent.
Study Procedures
The sociodemographic features of the participants were obtained, and a clinical data form was completed. A structured psychiatric interview was conducted with the patients (K-SADS-PL). Parents and teachers completed the DSM-IV-based behavior disorders screening form and rating scale for attention deficit and disruptive behavior disorders. This was followed by the Stroop test, which is a neuropsychological test reflecting the activity of the prefrontal area of the brain. The Stroop test was administered to only the ADHD group. Finally, a 2-ml sample of venous blood was obtained for biochemical tests. (23) . K-SADS-PL is administered during an interview with parents and their children, and the final evaluation is performed using input from all data sources. This scale evaluates the presence of common psychopathologies, primarily ADHD, in children and adolescents.
Turgay DSM-IV-based Child and Adolescent Behavior Disorders Screening and Rating Scale (T-DSM-IV-S):
This scale was developed by Turgay based on the DSM-IV criteria, and it contains 41 items: nine probe attention deficit, six probe hyperactivity, three probe impulsivity, eight probe oppositional defiant disorder, and 15 probe behavioral disorder (24) . The validity and reliability of this scale was evaluated by Ercan et al. (25) .
Stroop Test TBAG Form:
The Stroop test is a neuropsychological test reflecting the activity of the prefrontal area of the brain. It involves the use of four white cards measuring 14.0×21.5 cm. Each card contains an array of six lines comprising four items. These cards are the "stimuli" of the test, and the reactions that the participant must give to these stimuli or the tasks that the participant must perform constitute the sections of the test. The scores in each test are calculated by separately rating each section. The test evaluates the ability of parallel distributed processing for recognized and unrecognized stimuli, processing speed, and the ability to resist against interference effects of automatic processes (26) . The validity and reliability of the Turkish version of this scale was evaluated by Karakaş et al. (27, 28) . Considering the fact that completing the tasks on the card would be affected by variables such as perceptional problems and psychomotor speed, the interference effect score was calculated by subtracting the time to recognize colors from the time to complete the interference effect card.
Measurement of BDNF Levels
Blood samples were collected into gel tubes between 09:00 and 12:00. After collecting, they were left at room temperature for 15 min to facilitate clotting. The blood samples were centrifuged at 5000 rpm for 6 min. The serum was transferred to 1.5-ml polypropylene tubes that were stored at −80°C for further analysis. Mature BDNF levels were measured using a human BDNF ELISA Kit (Hangzhou Eastbiopharm CO. LTD, China). To minimize assay variance, all BDNF measurements were conducted on the same day. All experiments were performed in duplicate. The tests were performed according to the manufacturer' s instructions. The optical density of each well was measured using an automated microplate reader.
Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS Inc; Chicago, IL, USA) 15. The chi-square test was used to evaluate the presence of a difference between the groups in terms of gender, consanguinity between parents, history of psychiatric disorders or criminal background among family members and relatives, family history of substance abuse, and domestic violence. Student' s t-test was used to compare normally distributed variables in independent groups, and the Mann-Whitney test was used to compare not normally distributed categorical variables. BDNF levels were compared between the ADHD, ADHD plus ODD, and ADHD plus CD groups using the Kruskal-Wallis test as this parameter did not show normal distribution. Pearson' s test was used to evaluate correlation coefficients and statistical significance of normally distributed variables, and Spearman' s test was used to evaluate variables not without a normal distribution. A p-value below 0.05 was considered to be statistically significant.
RESULTS
The mean age of the children was 8.6±2.4 years in the ADHD group (M/F: 42/7) and 8.7±2.2 years in the control group (M/F: 32/8). There was no difference between the groups in terms of age and gender. There
was also no difference between the groups in terms of the occupation of parents and consanguinity between parents. The rates of psychiatric illness among family members and relatives and domestic violence were higher in the ADHD group than in the control group (p=0.01 and p<0.01, respectively). The groups did not differ in terms of criminal background and substance abuse among family members. Sociodemographic data are presented in Table 1 .
T-DSM-IV-S scores in the ADHD group as completed by the parents and teachers are presented in Table 2 , and the Stroop test scores are presented in Table 3 . There was no difference in BDNF levels between the groups. No relationship was found between symptom severity in ADHD and BDNF levels. We could not detect a significant relationship between the interference effect score and BDNF levels. There was also no relationship between the interference effect score and T-DSM-IV-S (inattentive, hyperactive, and opposition) scores (r=−0.19, p=0.65; r=0.31, p=0.45; and r=0.17, p=0.69; respectively).
Among children with ADHD, 34.7% (n=17) had the predominantly inattentive type and 65.3% (n=32) had the combined type. There was no patient with the predominantly hyperactive-impulsive type. BDNF levels did not differ between the subtypes (p=0.54). Among these patients, 51% (n=25) were only diagnosed with ADHD, 28.6% (n=14) were diagnosed with ADHD plus ODD, and 20.4% (n=10) were diagnosed with ADHD plus CD. The groups did not differ in terms of BDNF levels.
DISCUSSION
One of the most important findings in the present study is that there was no difference in BDNF levels between the ADHD and control groups. Studies have yielded controversial results on BDNF levels in ADHD. Some studies found higher plasma and serum BDNF levels in treatment-naive patients with ADHD than in the control group (17, 29, 30) , while others showed no difference (7, 31, 32) . Serum BDNF levels were lower in adult patients with ADHD than in the control group (21) .
Another important finding of the present study is that there was no relationship between ADHD symptom severity and BDNF levels. In addition, BDNF levels did not differ between the subtypes of ADHD. Shim et al. reported a positive correlation between plasma BDNF levels and symptom severity of attention deficit (17) . No difference in BDNF levels was reported between disease subtypes (7, 21, 32, 33) . Plasma BDNF levels are more affected by environmental factors, e.g., storage conditions, elapsed time between the blood samples (34) . It has been reported that serum BDNF measurement gives more stable results than plasma (35) . Furthermore, the BDNF gene is not present among ADHD-related genes (36).
Oppositional defiant disorder/conduct disorder is a common comorbidity reported in patients with ADHD (37) . The difference in BDNF levels among the three disease groups was investigated (ADHD, ADHD plus ODD, and ADHD plus CD). No difference was found among these groups. To our knowledge, there are no studies in the literature that evaluate such a relationship.
Attention-deficit hyperactivity disorder is associated with a range of cognitive disorders, mainly those related to the impairment of executive functions. Common symptoms of impaired executive functions in ADHD include motor inhibition, working memory, and planning and organizing deficits associated with attention (38) . Other cognitive disorders include sustained attention, vigilance, motor timing, and data processing (39, 40) . Studies that evaluated the relationship between BDNF levels and executive functions have shown that low BDNF levels affect the anatomical development and executive functions of the prefrontal cortex (41,42).
There was also no relationship between the interference effect score and BDNF levels in patients with ADHD.
The present study has several limitations. The subjects in the control group did not undergo the Stroop test. Physical activity was not measured in patients with ADHD. Physical activity can affect BDNF levels. Depression is more frequently observed in patients with ADHD than in those without ADHD (43) . BDNF levels are lower in patients with depression (44) . However, depression was not measured in the present study.
In conclusion, there was no difference in BDNF levels between the ADHD and control groups. There was no relationship between ADHD symptom severity and BDNF levels. No difference was reported between the subtypes of ADHD in terms of BDNF levels. There was no difference in BDNF levels between patients with ADHD and those with comorbid ODD/CD. In the ADHD group, there was no relationship between the Stroop test interference effect score and BDNF levels. The results of the present study are consistent with those of previous studies that demonstrated no relationship between BDNF levels and ADHD.
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